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INTRODUCTION 

Along with the studies on the spore germination of Haplomitrium rotundifolium 
(Yang 1966, 1967), the authors attempted the spore germination of H. blumii in March 
1967. The former resulted in a leafy gametophyte from its spore germination in six 
months, but the latter failed to proceed at the same pace. A previous study (Yang 
1967) showed the spores of H. blumii exhibited normal or rather rapid germination, 
resulting in a 2-4-celled stage in four days after sowing of the spores. But upon 
reaching the globose stage their growth became retarded and showed no indication 
of further development at all. 

Further observations, however, revealed that cultures of H. blumii, after a period 
of retardation, when treated with a fresh nutrient solution fortnightly gave rise to 
a triangular protonemata and was transformed into a rhizomatous-branching stage. 
After another six months or so of transformation and development, the sporelings 
ultimately gave rise a leafy gametophyte stage, similar to the sporeling development 
of H. rotundifolium (Yang 1967). 

The present paper reports, in detail, the results obtained from observations made 
during the course of this study. 

MATERIALS AND METHODS 

Haplomitrium blumii used in this study, was collected from Ali-shan, Feb. 26, 
1967 by Misses F. M. Hsu and S. Y. Yao. The spores were gathered from mature 
capsules and sown in nutrient solution in petri-dishes on March 5 and 22, respectively 
in 1967. The same methods of sterilization of the spores and other articles involved 
were followed as previously described (Yang 1966, 1967). 

The liquid medium used in this study was mainly 50% Hoagland’s solution and 
Beneck’s solution was used to a lesser extent Modified Beneck's by the adding of 
trace elements contained in Hoagland’s solution was also tried. 

The semi-solid medium used was 5% Hoagland’s solution solidified with 1% agar 
and to some plates were added 0.25% of activated charcoal (Yang 1967). 

The culture plates were prepared in two groups: group A consisting of 4 plates 
and group B of 17 plates. All the cultures thus prepared were then placed on racks 
at 20 C with 10 hours of daily illumination and approximately 1200 lux of light 
intensity as was used previously (Yang 1966, 1967). 
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OBSERVATIONS AND RESULTS 

1. Spores sown on March 5 in Hoagland’s solution in the four plates of group 
A, showed a high germination rate, ranging from 92-01.7%. As to the stages of 
development (Yang 1967), it was observed that Stage I showed 82.1-96.8#, Stage II, 
0.6-5.2# and Stage III, 0.4# while none reached Stage IV. 

2. Spores were sown in Hoagland’s solution on March 22, 1967 in 17 plates, but 
only 2 of the plates showed germination with rates ranging from 92.3-93.4#; Stage I, 
59.7-60.7#, Stage II, 8.8-10.7#, Stage III, 2.8-23.0# and Stage IV, showing no results. 
Details of these observations were summarized in Table I of the previous paper 
(Yang 1967). 

3. The globose and the triangular stages (PI. I, Fig. 2) were not observed except 
in one liquid culture until April, 1968. 

The rhizomatous-branching stage (PI. I, Fig. 3), and those bearing primordia on 
some of the branching tips (PI. I, Figs. 5-6) were also found growing in the cultures. 
The sporelings were usually formed in closely aggregated masses, floating on the 
surface of the solution as shown in PI. I, Fig. 1. 

4. Young leafy gametophytes of various stages were observed, protruding in all 
directions from the clusters of sporelings (PI. II, Figs. 1-3). These were grown on 
agar medium with activated charcoal. Leafy gametophytes grown in solution were 
comparatively better developed than those grown on semi-solid medium. They had 
more broad, spreading leaves and stouter stems (PI. II, Figs. 4-6). 

5. Cultures of both H. blumii and //. rotundi/olium were grown in modified 
Hoagland’s solution such as: 

50# Hoagland’s soln.+10* 4 M GA+1# Agar 
50# Hoagland’s soln.+10~°M GA+1# Agar 
50# Hoagland’s soln.+10-’M GA+1# Agar 
50# Hoagland’s soln.+0.5# Glucose+1# Agar 
50# Hoagland’s soln.+0.04# Tryptone+1# Agar 
They were found overgrown with molds or became dry and could no longer exist. 
However, when 10'*M of IAA was added to the 50# Hoagland’s solution, normal 
growth and leaf development of the sporelings were maintained. Beneck’s solution 
with trace elements included in Hoagland’s solution also induced obvious normal 
growth in the sporelings of H. rotundi/olium. 

6. In testing regeneration on the leaves of H. blumii, it was found that the 
bulbils formed on the leaves are smaller but more numerous than those found on 
the leaves of H. rotundi/olium. Further development from these bulbils was not 
observed. 

7. During the sporcling development of H. blumii, it was noted that to develop 
the rhizomatous stage from the triangular stage is rather difficult, nor it is easy to 
develop leafy gametophytes from the rhizomatous stage. Apparently, there is a long 
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period of dormancy between the triangular and rhizomatous stages and likewise 
between the rhizomatous and leafy gametophyte stages. The period of dormancy in 
either case often lasts for several months or as long as six months. This may be 
one of the reasons for requiring a longer time to reach the leafy gametophyte stage 
in H. blumii. 

8. The sporeling development of H. rotundifolium seems to show a more con¬ 
tinuous, steady growth from spore germination to the leafy gametophyte stage, and 
the time required to complete that part of life cycle is only six months, while in 
H. blumii, it is almost twelve months. 

9. Sexuality was not found in the cultivated leafy gametophytes of H. blumii. 

DISCUSSION AND CONCLUSION 

A comparison between the sporeling development of Haplomitrium blumii with 
that of H. rotundifolium gives the following observation: 

1. The germination rate based on the data obtained from six culture plates of 
H. blumii and one culture plate of H. rotundifolium, revealed that the former reached 
92.3-97.7# while the latter 93#, which was very nearly alike. 

2. In the sporeling development of H. blumii, based on the 6 plates studied, 4 
plates 82.1#-96.8# reached stage I, and 2 plates showed around 60# reached that 
stage, while in H. rotundifolium only 24.3# reached Stage I. 

Sporelings of Stage II in all the six cultures of H. blumii, suddenly dropped to 
0.6-10.7#, on the contrary, in H. rotundifolium, it raised to 27.8#. Stage III, in H. 
blumii was 0.4#, 2.8# and 23.0# in the three cultures respectively, and none on the 
other three plates, while in H. rotundifolium, it remained at 20.9#. Stage IV, in 
H. blumii showed 0# in all the six cultures, while in H. rotundifolium, it was 20#. 

It is obvious that Stage III and Stage IV in the sporelings of H. blumii have 
been held back probably due to the long periods of dormancy. The authors, at that 
time, looked over the cultures and almost discarded them, thinking that leafy game¬ 
tophyte of H. blumii would never develop in culture. It was only by a casual 
observation, that new stages in the sporelings of H. blumii were discovered and these 
had actually reached Stage III. At the time of writing this report, which is about 
one year after the sowing of the spores, leafy gametophytes have been found on 
nearly all of the plates examined, revealing similar features to those previously 
found in H. rotundifolium. (PI III, Figs. 1-4, 6). 

SUMMARY 

1. The spore germination and the development of leafy gametophytes of Hapto- 
nittrium blumii in antiseptic culture have been shown possible in the present study. 

2. The part of the life cycle from spore germination to the leafy gametophyte 
w H. blumii has intermittently proceeded through the four distinct stages—the globose, 
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the triangular, the rhizomatous and finally the leafy gamctophyte stage which has 
an erect stem and spreading leaves—as was previously found in H. rotundifolium. 

3. The gametophyte development in H. blumii is however, not a continuous 
procedure but the growth is more or less interrupted by two periods of dormancy 
which consequently causes the slow development of the leafy gametophyte. It actually 
takes twelve months or more to complete the four stages of development while in 
H. rotundifolium it takes approximately six months. The causes for such interruptions 
are not known at present. 

4. One distinct feature is the grouping of the sporelings into clusters during 
the development of H. blumii, and these have remained aggregated even to the final 
leafy gametophyte stage. (PI. II, Figs. 4-6; PI. Ill, Figs. 1-2, 4). 

5. The high germination rate, the tendency of aggregation in sporeling develop¬ 
ment, and the reaching of a leafy gametophyte stage under controlled cultivation 
are three results which are here reported for the first time. 
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Plate 1. Haplomitrium blumii grown in 50^£ Hoagland’s solution 

1. Sporeling masses floating in liquid medium x3 
P |K- 2. Globose and triangular stages x 28 
Pic- 3. Rhizomatousbranching x 28 
P’K- 4. Triangular and rhizomatous stages *28 
***• SH>. Rhizomatous branching bearing primordia on some tips x28 
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Plate II. Gametophytes of various stages developed in liquid and semi*solid media 

Fig. 1. One single sporeling mass in rhizomatous stage grown in semi solid medium x20 
Fig. 2. 4 sporeling masses and young gametophytes x20 

Figs. 4-6. 1-eafy gametophytes developed in lloagland’s solution, still attached to sporeling masses. 
Fig. 4. x 28, Figs. 5 and 6. x 20 
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Plate III. Leafy gametophytes developed in semi*solid medium 
Sporeling mass showing protruding gametophytes x 10 
Sporeling masses and gametophytes x4 
A mature gametophyte x20 

'» <>ung gametophytes still attached to a sporeling mass x8 
Cells from leaf tip showing cell division on prophase x 1500 
A group of mature gametophytes x 10 
• Leaf cells showing spherical oil bodies xl500 


